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Method for displaying images on a display device, as well as a display device used therefor 



(57) Method for displaying images on a display de- 
vice, whereby the data (11) for forming the successive 
images are transformed in signals for a display (3) , char- 
acterized in that the image display is improved by eval- 
uating the above-mentioned data and by applying a dy- 
namic image stabilisation on the basis of this evaluation, 
whereby one or several of the following techniques are 



used for the dynamic image stabilisation: 

a time-dependant image stabilisation; 
a frequency-dependant image stabilisation; 
an amplitude-dependant image stabilisation; 
an image stabilisation as a function of the entire im- 
age content. 
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Description 

[0001 ] The present invention concerns a method for 
displaying images on a display device, as well as a dis- 
play device for realising this method. 
[0002] In particular, the invention concerns display 
devices comprising a display which consists of several 
display units, whereby these display units are driven by 
means of a general processing unit, as well as by means 
of individual processing units per display unit. 
[0003] In particular, it concerns display devices which 
make it possible to display images on a large image sur- 
face. 

[0004] The invention is particularly meant for display 
devices comprising display units whereby the image is 
reproduced by means of what are called LED's (Light 
Emitting Diodes). 

[0005] It is known that a LED wall can so to say be 
built in this manner. It is also known that, by building the 
LED wall from groups of LED's of different colours, in 
particular red, blue and green, by appropriately adjust- 
ing the intensity of the different LED's, it is possible to 
obtain various global colour effects. Also, by means of 
an appropriate control of the LED's, it is possible to re- 
produce moving images in colour, for example video im- 
ages, on the LED wall. 

[0006] Such display devices can be used for different 
purposes, for example for displaying images in stadi- 
ums, information and/or publicity in public buildings, 
such as for example airports, stations, etc. Display de- 
vices using LEDs are known from US 5.523.769, US 
5.396.257 and FR 2.640.761 . 

[0007] The invention aims a method for representing 
images on a display device, whereby this method allows 
to improve the quality of the image. 
[0008] In the first place, the method of the invention 
is designed for LED screens, but it can also be applied 
in a more general way in other display devices, such as 
CRT/LCD/DLP projectors and the like. 
[0009] To this aim, the invention concerns a method 
for displaying images on a display device, whereby the 
data for forming the successive images are transformed 
in signals for a display, characterized in that the image 
display is improved by evaluating the above-mentioned 
data and by applying a dynamic image stabilisation on 
the basis of this evaluation, whereby one or several of 
the following techniques are used forthe dynamic image 
stabilisation: 

a time-dependant image stabilisation, whereby it is 
verified for pixels of the image how alterations in 
time occur between successive images, and where- 
by an image stabilisation effect is provided for be- 
fore the images are displayed; 
a frequency-dependant image stabilisation, where- 
by it is verified how alterations occur in pixels of the 
image situated next to one another, and whereby 
an image stabilisation effect is provided for before 



2 

the images are displayed; 
an amplitude-dependant image stabilisation; 
an image stabilisation as a function of the entire im- 
age content. 

5 

[0010] According to a preferred embodiment use is 
made of a display device comprising at least a general 
processing unit, a display consisting of several display 
units and an individual processing unit per display unit, 
10 whereby, in orderto display the images, data concerning 
the image to be displayed are transmitted from the gen- 
eral processing unit to the individual processing units in 
the form of a data stream, in that there is a control com- 
munication between the general processing unit and 
15 each of the individual processing units in the form of con- 
trol signals, and in that data from the data stream are 
collected at every individual processing unit as a func- 
tion of the control signals transmitted to the individual 
processing units. 
20 [001 1 ] As the data stream is offered to each of the in- 
dividual processing units on the one hand, and there is 
a control communication on the basis of which the indi- 
vidual processing units are driven on the other hand, 
one obtains that every display unit can work independ- 
ently of the other ones, requiring no communication with 
a central individual processing unit. As no mutual data 
exchange is required between the individual processing 
units, there will be less data transmission, making more 
calculation time and calculation capacity available for 
processing the signals in the individual processing units. 
[0012] Use is preferably made of display units which 
are serially coupled. As a result of this, the total display 
can be easily composed in any size whatsoever, without 
a large number of electric connections being required 
on the back side of the display. 
[001 3] As already mentioned, use is preferably made 
here of display units consisting of LED panels. 
[0014] According to the most preferred embodiment, 
a distributed signal processing will be provided for ac- 
cording to the invention between the general processing 
unit on the one hand and the individual processing units 
on the other hand. This implies that a number of calcu- 
lations are made in the general processing unit, where- 
as a number of other calculations are made in each of 
the individual processing units. This requires less data 
exchange between the general processing unit and the 
individual processing units forthe drive, making calcu- 
lation time available in the general processing unit, as 
well as transmission time for data via the data line be- 
tween the general processing unit and the individual 
processing units which can then be used for a refined 
transmission of data for displaying the image. 
[0015] The invention also concerns a display device 
for realising the above-mentioned method, character- 
ised in that it consists at least of a general processing 
unit; a display consisting of several display units; an in- 
dividual processing unit per display unit; means which 
transmit at least data concerning the image to be dis- 
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played transmitted from the general processing unit to 
the individual processing units in the form of a data 
stream; means providing for a control communication 
between the general processing unit and each of the in- 
dividual processing units in the form of control signals; 
and, per individual processing unit, means which collect 
data from the data stream as a function of the transmit- 
ted control signals for further processing and display. 
[0016] In order to better explain the characteristics of 
the invention, the following preferred embodiment ac- 
cording to the invention is described as an example only 
without being limitative in any way, with reference to the 
accompanying drawings, in which: 

figure 1 schematically represents a display device 
according to the invention; 
figure 2 represents a model of the display device in 
figure 1 in perspective; 

figure 3 represents the part which is indicated by F3 
in figure 2 to a larger scale; 
figure 4 represents the backside of the module from 
figure 2 in perspective; 

figure 5 represents the display device in the form of 
a block diagram; 

figure 6 represents a number of histograms with ref- 
erence to images to be displayed; 
figure 7 schematically represents a special image 
geometry. 

[0017] As represented in figure 1 , the display device 
1 according to the invention mainly consists of a general 
processing unit 2 and a display 3 consisting of a screen 
which is composed of several display units 4, whereby 
every display unit 4 is equipped with an individual 
processing unit 5. 

[0018] The general processing unit 2, also called dig- 
itizer or video engine, consists of an appliance which 
transforms image signals, either coming from an exter- 
nal source or from an internal source, such as a built-in 
video player, into digitised signals which are suitable for 
the reproduction of the image on the display 3. 
[0019] As represented in figures 2 to 4, the display 
units 4 consist of tile-shaped modules which, as repre- 
sented in figure 1 , can be assembled by attaching them 
on an appropriate supporting structure, for example a 
frame 6. 

[0020] The modules are preferably fastened in the 
frame 6 in a detachable manner, for example by making 
use of fastening elements 7, as represented in figure 4, 
with which the modules can be snapped in the frame 6. 
[0021] The image side 8 as shown in figure 2 and 3 
of the display units 4 is equipped with luminous ele- 
ments, in particular LED's (Light Emitting Diodes), which 
are indicated hereafter in a general manner with the ref- 
erence 9, but which are indicated with the references 
9A to 9E when represented in detail. 
[0022] Refering to figure 3, the LED's 9A and 9E are 
red for example, whereas the LED's 9B and 9D are 



green and the LED's 9C are blue. By controlling the re- 
spective LED's 9A-9E and by thus making the different 
colours illuminate with different intensities, it is possible 
to realise any colour whatsoever when seen from a dis- 

5 tance. Every set of LED's 9 hereby forms a pixel of the 
images to be formed. It should be noted that such a pixel 
can be composed in different ways, of three colours or 
of a combination of different groups of LED's 9. Thus, 
for example, the LED's 9A-9B-9C form a group of basic 

10 colours with which all colours can be formed . The same 
goes for the LED's 9B-9C-9E as well as for 9D-9C-9E 
and9A-9C-9D. . 

[0023] In the preferred embodiment of figure 5 the dis- 
play device 1 is equipped with means 10 which at least 

is transmit data concerning the image to be displayed 
transmitted from the general processing unit 2 to the in- 
dividual processing units 5 in the form of a data stream 
11 ; means 12 providing for a control communication be- 
tween the general processing unit 2 and each of the in- 

20 dividual processing units 5 in the form of control signals 
13; and, per individual processing unit 5, means 14 
which collect data from the data stream 1 1 as a function 
of the transmitted control signals 1 3 for further process- 
ing and display on the image surface, in this case the 

25 LED panel, of the display unit 4 concerned. 

i [0024] It should be noted that the data stream 1 1 and 
the control signals 13 are only represented schemati- 
cally in the diagram of figure 5 and that, in reality, the 
data stream 11 and the control signals 13 are not nec- 

30 essarily carried via two different data lines. The data 
stream 11 and the control signals 13 may consist of a 
single pulse train in which certain intervals are reserved 
for the data stream 11 and other intervals are reserved 
for the control signals 13. 

35 [0025] For practical reasons, however, it may be nec- 
essary to make different connections between the indi- 
vidual processing units 5, for example in the case where 
a separate data processing is provided for the different 
colours, for the control of the red, green and blue LED's 

40 9 respectively, whereby it is transmitted separately per 
colour to the processing units 5. 
[0026] Thanks to the design according to figure 5, 
however, it is possible to use a restricted number of elec- 
tric connections between the successive display units 

45 4, and they can be coupled serially by means of a 
number of electric cables 1 5-1 6 as shown in figure 4, in 
particular twisted pairs, which are provided with multipo- 
lar connectors 1 7 which can be plugged in the back side 
of the processing units 5. 

50 [0027] According to a special aspect of the invention, 
a distributed signal processing is provided for between 
the general processing unit 2 on the one hand and the 
individual processing units 5 on the other hand. This im- 
plies that a number of data are processed and calculat- 

55 ed in the general processing unit 2, whereas a number 
of other data are processed and calculated in each of 
the individual processing units 5. 
[0028] This distributed signal processing can be car- 
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ried out at different levels. 

[0029] Accordi ng to a first aspect, a distributed signal 
processing of the signals related to the colour rendering 
is provided for, in other words a distributed colour 
processing. Also a distributed signal processing related 
to the brightness and/or contrast can hereby be provid- 
ed for. 

[0030] In particular, one or several adjustments are 
made at the general processing unit 2 related to one or 
several of the following possibilities: 

image stabilisation and/or noise suppression; 
tracking of the illumination of the image, in other 
words 'luminance tracking', whereby certain values 
of the luminance are included; 
histogram equalisation as a function of the entire 
image to be displayed; 

observing of what is called cue flash and acting ap- 
propriately in case of such a cue flash; 
scaling of the image in relation to the original input 
image in the horizontal and/or vertical direction. 

[0031] This implies that the noise suppression is done 
in a general manner for the entire image display. 
[0032] Luminance tracking implies determining for ex- 
ample a fixed relation between the different colours be- 
neath a certain luminance before the signals concerned 
are transmitted to the individual processing units 5, 
[0033] By histogram equalisation is meant that a his- 
togram of the entire image content is made and that an 
evaluation is subsequently made and, if necessary, cor- 
rections will be made as a function thereof before the 
data stream 11 is transmitted to the processing units 5. 
[0034] By way of illustration, figure 6 represents dif- 
ferent curves which can be found in a histogram. H here- 
by represents the luminance value and I the number of 
times such values occur in this image. The curves rep- 
resent all the pixels of the image. 
[0035] In the case of an image which is generally rath- 
er grey, a curve A is obtained, a bright image produces 
the curve B and a dark image the curve C. 
[0036] As a function of the nature of the curve, either 
curve A, B or C, a correction can thus be made. One 
possibility is that, when signals are observed indicating 
that the image is dark (curve C), the data stream 11 is 
adjusted such that the darkness is stressed, whereas 
when signals are observed indicating that the image is 
bright (curve B), the data stream 11 is adjusted such that 
the brightness is stressed. In case of curve A, for exam- 
ple, no correction is made. 

[0037] The adjustments resulting from the evaluation 
of the histogram can also be linked to time. This implies 
that also alterations in the histogram for each of the suc- 
cessive images are detected and taken into account. In 
case of slow alterations, alterations in the output signal 
will be made less quickly, as a result of which is obtained 
a stabilisation effect. 

[0038] What is called a cue flash is a sudden alteration 



of the entire image content, in other words a sudden 
change in the displayed image. It is clear that, at such 
a moment, the alteration should not be ignored. A de- 
tection of the cue flash allows for appropriate action at 
5 that moment. 

[0039] In order to obtain a distributed signal process- 
ing, one or several individual adjustments are made at 
the individual processing units 5 as well. In particular, 
these adjustments concern one or several of the follow- 
to ing possibilities: 

adjustment of the colour co-ordinates; 
adjustment of the brightness; 
adjustment of the contrast; 
15 - corrective adjustment as a function of the tempera- 
ture and/or age of the display unit 4; 
adjustment of the transfer functions RGB (red, yel- 
low, blue); 

enlargement of the incoming video signal in the hor- 
20 izontal and/or vertical direction. 

[0040] A number of these items will be illustrated in 
greater detail hereafter. 

[0041] By colour co-ordinates are meant the co-ordi- 

25 nates in the chromaticity diagram. These co-ordinates 
determine what colour is visually observed, and they de- 
pend on several factors. Thus, for example they are 
linked to the age of the display unit 4, such that the ad- 
justment must be made individually. However, the ad- 

30 justment contributes to the general smoothness and uni- 
formity of the colour reproduction in the image. 
[0042] In order to adjust and improve the contrast, dif- 
ferent modes are applied in the individual processing 
units 5, whereby the linear relation between the input 

35 signal and the output signal is adjusted towards a non- 
linear relation, whereby for example dark signals are fur- 
ther reduced in order to make sure that the LED's 9 re- 
main switched off in case of signals indicating that there 
is a very dark image part, whereas for example signals 

40 indicating that there is a bright image, are reinforced. 
[0043] Thus can be obtained among others that when 
the viewer is situated close to the display 3, the dark 
passages will indeed be perceived as being dark, and 
any annoying flashing of the LED's 9 which can be per- 

45 ceived from nearby is excluded. 

[0044] In particular, a dynamic sample weight distri- 
bution is applied above, whereby the individual process- 
ing units 5 are informed via the control signals 13 of what 
curve should be followed during the transformation of 

50 the linear course into the non-linear course, depending 
on the aimed effect. 

[0045] This technique allows for a refined contrast 
rendering without requiring a large number of contrast 
level differences in the signal of the general processing 
55 unit 2 towards the individual processing units 5. By using 
different curves, it is possible to create different results, 
and transmitting a restricted signal from the general 
processing unit 2 to the individual processing units 5 will 
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suffice to indicate to the latter what curve should be fol- 
lowed. 

[0046] By providing for a corrective adjustment as a 
function of temperature and/or age per display unit 4, 
and thus also per individual processing unit 5, also other 5 
influences of temperature and/or age known as such are 
separately dealt with, and on condition that there is an 
appropriate control, differences between the displayed 
image in each of the display units 4 are excluded. Thus, 
it is possible to remove display units 4 from the display 10 

3 and to replace them at any time, without any disad- 
vantages. It is also possible to build a display 3 of any 
size whatsoever, even when it contains display units 4 
which have been in use for a shorter time than a number 

of the other display units 4. By age should in this case is 
mainly be understood the total time during which a dis- 
play unit 4 has been switched on. 
[0047] The temperature correction offers the advan- 
tage that mutual deviations resulting from temperature 
differences, irrespective of the cause of these tempera- 20 
ture differences, are excluded. Said temperature differ- 
ences may occur for example when, for a longer length 
of time, only a part of the display 3 is driven so as to 
form an image, whereas from a certain moment on, the 
entire display 3 is used. Consequently, the display units 25 

4 which have not been in use until.then will not function 
at operating temperature, and an adjustment because 
of the temperature differences is advisable. 

[0048] According to another aspect of the invention, 
also a distributed signal processing of the signals relat- so 
ed to the image display, in other words a distributed im- 
age processing, is provided for. 
[0049] An example of such distributed image process- 
ing consists in that a distributed signal processing is pro- 
vided for which makes sure that, both at the general 35 
processing unit 2 and at the individual processing units 
5, measures are taken to minimise image flickering. 
[0050] In a preferred embodiment, the line frequency 
is raised to this end in the general processing unit 2 in 
order to eliminate what is called the interline flicker. It 40 
will be raised for example from 15 kHz to 32 kHz. 
[0051] However, in the individual processing units 5, 
one or several individual adjustments are made which 
make sure that every display unit 4 operates frequency- 
independent vertically and horizontally. This adjustment 45 
consists for example in realising an automatic pulse 
width adjustment and/or in carrying out a frequency 
raise to eliminate what is called surface flicker. 
[0052] The pulse width adjustment offers the advan- 
tage that one can for example automatically switch from 50 
a 50 Hz system to a 60 Hz system without any discon- 
tinuities being perceived in the displayed image. The au- 
tomatic pulse width adjustment is preferably carried out 
by creating free spaces in between the pulses, whose 
interval is adjusted such that the entire signal becomes 55 
totally continuous. 

[0053] The frequency is raised from for example 
50/60 Hz to at least 100 Hz and better still to 400 Hz. 



[0054] According to yet another aspect of the inven- 
tion, a distributed signal processing of the signals deter- 
mining the image geometry is provided for. 
[0055] In order to obtain a certain image geometry, 
control signals 13 are hereby transmitted to the individ- 
ual processing units 5 which indicate which part of the 
image should be displayed at the display unit 4 con- 
cerned, whereby the individual processing units 5 then 
collect data from the data stream 11 , process them and 
display them, as a function of said control signals 1 3. 
[0056] An example thereof of represented in figure 7, 
whereby the entire image which is normally displayed 
in the rectangle defined by the entire surface of the dis- 
play 3, is compressed into a triangle 18. The image B1 
of the picture line 1 9 must hereby no longer be displayed 
over the distance X, but over the short distance Y. In this 
case, the display units 4A and 4B will not be ordered to 
collect data from the data stream 11 via the communi- 
cation protocol which is contained in the control signals 
1 3, whereas the display unit 4C will be ordered to collect 
all the image information of the image B1 from the data 
stream 11 , and to display this image B1 , of the picture 
line 19, over the distance Y. The general processing unit 
2 hereby only gives a command, whereas the recalcu- 
lation for the display of the image B1 over the distance 
Y is carried out in the processing unit 5 of the display 
unit 4C. 

[0057] According to the presently claimed invention, 
a dynamic image stabilisation is provided for. 
[0058] To this end, one or several of the following 
techniques are preferably used: 

a time-dependant image stabilisation, whereby it is 
verified for pixels of the image how alterations in 
time occur between successive images, and where- 
by an image stabilisation effect is provided for be- 
fore the images are displayed, for example by ig- 
noring or attenuating brief alterations; 
a frequency-dependant image stabilisation, where- 
by it is verified how alterations occur in pixels of the 
image situated next to one another, and whereby 
an image stabilisation effect is provided for before 
the images are displayed; 
an amplitude-dependant image stabilisation; 
an image stabilisation as a function of the entire im- 
age content. 

[0059] Such an image stabilisation can be realised ei- 
ther exclusively at the general processing unit 2 or ex- 
clusively at the individual processing units 5, but also 
distributed over both. 

[0060] It should be noted that the improvement of the 
image display by means of such a dynamic image sta- 
bilisation can also be applied in other display un its 1 than 
those described above, namely also in display units 
which are not assembled from different display units 4 
and which do not necessarily have to be of the LED type. 
Hence, as far as the dynamic image stabilisation is con- 
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cerned, the invention is not restricted to the above-de- 
scribed display device 1 , and it also extends to othere 
display devices, including CRT projectors, picture 
tubes, etc. 

[0061] According to a special characteristic of the in- 
vention, both the signals of the data stream 11 and the 
control signals 13 are successively displayed from one 
display unit 4 to the next, and a number of, preferably 
each of the individual processing units 5 is provided with 
a master clock correction. This implies that all the sig- 
nals, at each transition to a subsequent display unit 4, 
are again optimally adjusted to one another, so that pos- 
sible transmission errors are excluded, if not minimised. 
[0062] In practice, different signals are preferably 
used for the basic colours red/green/blue (RGB signals), 
and possible transmission errors in these RGB signals 
are minimised thanks to the above-mentioned master 
clock correction, in particular a cumulation of shifts and 
errors resulting from what is called jitter is counteracted 
at the master clock. 

[0063] Such a master clock correction is preferably 
carried out by means of a proprietary crystal clock in 
each of the individual processing units 5. 
[0064] Practically, the LED's 9 are driven by means of 
an uninterrupted current during normal operation, 
whereby the length of time for which the current is 
switched on is used as a control parameter. Moreover, 
in order to adjust the brightness and contrast, the value 
of the above-mentioned current can be altered. 
[0065] It is clear that the general processing unit 2 and 
the individual processing units 5 are equipped with the 
necessary electronic circuits in orderto process the data 
as described above, in other words to realise the above- 
mentioned means 10,12 and 14, Any craftsman can de- 
rive from the above-described operations how these cir- 
cuits should be built. 

[0066] It should be noted that the display device 1 
preferably also contains means to automatically recog- 
nise the position of a display unit 4 in the total image 
surface. These means consist for example in that, when 
the processing unit 2 is switched on, it assigns the ad- 
dress 'V to the first display unit 4 coupled in series, the 
address '2' to the second one, and so on. In case of a 
systematic 'through' coupling as represented in figure 1 , 
and when the number of display units 4 are put in per 
row, as well as the number of rows of display units 4 
among themselves, the processing unit 2 will automat- 
ically determine the position of each display unit 4 in the 
total display 3. 

[0067] The invention is by no means limited to the 
above-described embodiment represented in the ac- 
companying drawings; on the contrary, such a method 
for displaying images on a display device, as well as the 
device used to this end, can be made in all sorts of var- 
iants while still remaining within the scope of the inven- 
tion. 



Claims 

1. Method for displaying images on a display device, 
whereby the data (11) for forming the successive 

s images are transformed in signals for a display (3), 
characterized In that the image display is im- 
proved by evaluating the above-mentioned data 
and by applying a dynamic image stabilisation on 
the basis of this evaluation, whereby one or several 

10 of the following techniques are used for the dynamic 
image stabilisation: 

a time-dependant image stabilisation, whereby 
it is verified for pixels of the image how a Itera- 
te tions in time occur between successive images, 
and whereby an image stabilisation effect is 
provided for before the images are displayed; 
- a frequency-dependant image stabilisation, 
whereby it is verified how alterations occur in 
20 pixels of the image situated nextto one another, 
and whereby an image stabilisation effect is 
provided for before the images are displayed; 
an amplitude-dependant image stabilisation; 
an image stabilisation as a function of the entire 
25 image content. 

2. Method according to claim 1 , characterized in that 
it is applied with a display device comprising LEDs. 

30 3. Method according to claim 1 or 2, characterized in 
that a display device is applied which is composed 
of several display units (4). 

4. Method according to claim 3, characterized in that 
35 individual processing units (5) are used for the ad- 
justment of the respective display units (4), whereby 
said image stabilisation takes place by means of 
distributed signal processing. 

40 5. Method according to claim 4, whereby in accord- 
ance with this method at least an adjustment of the 
colour co-ordinates is carried out. 
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